Background: Acute worsening of renal function, an independent risk factor for adverse outcomes in acute decompensated heart failure (ADHF), occurs as a consequence of new onset kidney injury (AKI) or acute deterioration of pre-existed chronic kidney disease (CKD) (acute-on-chronic kidney injury, ACKI). However, the possible difference in prognostic implication between AKI and ACKI has not been well established.
Background
Acute decompensated heart failure (ADHF) is one of the leading causes of hospitalization worldwide. More than 70% of patients hospitalized for ADHF will experience acute worsening of renal function, which is associated with significantly poor outcomes [1] [2] [3] [4] [5] [6] [7] . Patients with ADHF are commonly accompanied by the comorbidities such as hypertension, diabetes mellitus, and atherosclerosis which are the risk factors for chronic kidney disease (CKD). The Acute Decompensated Heart Failure National Registry, a large database of patients with ADHF requiring hospitalization in the United States, reported that 30% had an additional diagnosis consistent with CKD [8] . Therefore, acute worsening of renal function in ADHF might be a consequence of new onset kidney injury (AKI) or acute deterioration of preexisted CKD (acute-on-chronic kidney injury, ACKI).
Increasing evidence has shown that CKD contributes to impairment of cardiovascular structures and function [9] . Thus, patients with AKI and ACKI may have different impact on outcomes and unique responses to therapeutic regimens. However, few studies have done to compare the clinical characteristics between AKI and ACKI, particularly the impact on outcomes. It remains unclear whether worsening renal function specifically contributes to adverse outcomes or whether it merely serves as a marker of advanced cardiac/or renal dysfunction.
The present study was performed to compare the impact on outcomes of AKI and ACKI in a cohort of 1,005 Chinese patients with ADHF. We aimed to test the hypotheses that patients with ACKI, as opposed to those with AKI, may be at greater risk of adverse outcomes during hospitalization in the setting of ADHF.
Methods
The study was approved by the Review Board of Nanfang hospital. A total of 1,230 patients with ADHF were hospitalized to the Coronary Care Unit (CCU) in Nanfang hospital, Guangzhou, between Jan 1, 2003, and Dec 31, 2010. Data on estimated glomerular filtration rate (eGFR) before admission were available for 1,005 of these patients (81%).
Identification of patients
The integrated medical record system of the hospital, identified each patient with a unique number, served as the basis for our retrospective analysis. The diagnosis of ADHF was based on European Society of Cardiology Criteria [10] . The patients discharged with the diagnosis codes of heart failure according to the International Classification of Disease, Ninth Revision, Clinical Modification [11] , were considered for inclusion in the study. If a patient was hospitalized more than once for ADHF during the study period, only the data from the first admission were analyzed.
The exclusion criteria included severe aortic stenosis, pulmonary thromboembolism, cardiac tamponade, cardiogenic shock, heart failure following cardiac surgery, or multi-organ failure. Patients were also excluded if they had chronic and severe renal failure (chronic dialysis or eGFR below 30 ml/min/1.73 m 2 before admission) or worsening of renal function occurred following surgery or administration of potentially nephrotoxic agents such as contrast medium. Subjects who had no records of serum creatinine values over 6-month period before admission or during hospital were not included in the study.
Data extraction
Data were collected on the patient's demographic characteristics and clinical manifestations on admission. Data on coexisting cardiovascular conditions in each patient were also extracted with the use of all relevant ICD codes. Data on laboratory analysis were extracted from the Laboratory Information System of Nanfang hospital.
To verify the accuracy of chart abstraction, an independent abstractor re-evaluated information in four categories (creatinine, inclusion and exclusion criteria, and discharge dates). Serum creatinine values for all 1,005 patients in the final study population were checked, and no discrepancies were detected. In addition, comprehensive examinations of all data fields were completed in a subset of 10% of the subjects. Less than 0.5% discrepancy was detected.
Definition of covariates and category
We identified all patients with mean eGFR (at least 3 measurements) more than 30 ml/min/1.73 m 2 over a 6-month period before admission. This eGFR value was termed the "index eGFR". We estimated the GFR using the simplified Modification of Diet in Renal Disease (MDRD) equation [12] , which is accepted as a valid method for estimating glomerular filtration in patients with heart failure [13] . We also estimated the GFR with the Chronic Kidney Epidemiology Collaboration equation (CKD-EPI) which has been shown to be more accurate in various populations including Asian [14, 15] . The results obtained from the two equations were comparable. Thus, eGFR values in the present study were expressed as that calculated with CKD-EPI equation. Since creatinine is not in steady state when AKI occurs, it is not appropriate to calculate the GFR from serum creatinine [16] . We used the peak increase in serum creatinine to assign a category in the RIFLE classification. We did not use urine output as a criterion for classification, because it was not possible to obtain accurate records of urine output.
AKI group
Patients with index eGFR were classified as having AKI when their serum creatinine was increased by 50%, 100%, or 200% during hospitalization. 93% of patients in the cohort reached their peak serum creatinine within the first 7 days of hospitalization. We used maximum serum creatinine level to category RIFLE class.
ACKI group
The Acute Dialysis Quality Initiative (ADQI) group recommends separate criteria for the diagnosis of ACKI. They assigned these patients to the Fc category (where F is failure and c is chronic kidney disease) when their serum creatinine had increased to 350 μmol/L. The ADQI group did not assign a category to those in whom serum creatinine did not rise as high as 350 μmol/L. Patients in our study were defined as CKD when their index eGFR values were arrange from 60 ml/min/1.73 m 2 to 30 ml/min/1.73 m 2 . We excluded patients with eGFR below 30 ml/min/ 1.73 m 2 , since it may be difficult to distinguish between the final stages of progression to end stage renal disease and potentially reversible acute worsening of renal function due to relatively small changes in GFR leading to large changes in serum creatinine [17] .
We used the following classification of ACKI in this study according to previous report [17] Patients were excluded when any rise in serum creatinine was not sustained for 24 hours.
Definition of renal recovery
Renal recovery was defined as previously reported [17] . 
Diuretic resistance
Diuretic resistance was defined as persistent pulmonary congestion with or without acute worsening of renal function despite attempts at diuresis (repeated doses of 80 mg furosemide, or greater than 240 mg furosemide daily, or combination diuretic therapy including loop diuretics with thiazide or aldosterone antagonist). The doses of diuretics were calculated according to the prescription records in chart review.
Statistical analysis
The continuous variables were presented as the mean ± standard deviation or the median and interquartile ranges where appropriate. Categorical variables are presented as percentages or proportion. For the univariate analysis, we compared two groups using the Student's t test when normally distributed, and the Mann-Whitney test when not. The Pearson χ 2 test and the KruskalWallis test were applied for analysis of nominal and ordinal variables, respectively.
The univariate analysis was conducted to screen the risk factors at a significant level of 0.20. Multivariate logistic regression analysis was performed to assess the impact of AKI and ACKI on the all-cause and cardiovascular inhospital mortality. The marked independent risk factors of mortality were identified by stepwise method of Wald's forward selection. Adjusted odds ratio and the 95% confidence interval for each notable risk factor in the model were derived. Similarly, the risk factors for development of acute worsening of renal function were investigated using variables obtained before the occurrence of acute renal injury. Model calibration was assessed by using the HosmerLemeshow goodness-of-fit test. The variance inflation factor (VIF) was used for detecting the co-linearity and a VIF of 10 and above indicates a co-linearity problem. All tests were two-tailed and P < 0.05 was considered significant. Data were analyzed using SPSS 13.0 for Windows W .
Results

Comparison of clinical characteristics between AKI and ACKI
A total of 1,005 patients were included in the study. Among them, 738 patients had index eGFR equal or above 60 ml/min/1.73 m 2 and 267 patients had CKD with index eGFR 30-59 ml/min/1.73 m 2 . The characteristics and comparison between two groups are listed in Table 1 . Compared with patients with preserved renal function, the patients with CKD were older and had more coexisted diseases such as diabetes mellitus, hypertension, ischemic heart disease and cerebrovascular disease. Patients with CKD had lower concentration of serum albumin and hemoglobin and higher levels of blood pressure compared with patients without CKD.
According to the RIFLE criteria, acute worsening of renal function occurred in 445 (44.3%) patients of the cohort. As shown in Table 2 , the incidence of acute worsening of renal function was higher among patients with preexisted CKD than among those without. Additionally, the proportion of patients with severe acute worsening of renal function (injury and failure category) and those who need renal replacement therapy (RRT) were more prevalent in CKD group. Notably, 19 patients in ACKI group received RRT, only 9 patients were in Failure category. Ten patients treated with RRT due to fluid overload (n = 6), hyperkalemia (n = 2) or severe acidosis (n = 2).
Since diuretic resistance is the most extreme manifestation of ADHF and associated with the adverse outcomes [18] , we compared the incidence of diuretic resistance during hospitalization in patients with and without preexisted CKD. As shown in Table 2 , diuretic resistance seemed more prevalent in patients with ACKI than those with AKI (23.8% vs. 17.7%), although the difference did not reach statistical significance. However, more patients with ACKI needed ultrafitration for diuretic resistance compared to those with AKI.
Impact of AKI and ACKI on outcomes
In-hospital mortality and length of stay In-hospital outcomes in patients classified by the index eGFR were shown in Table 3 . In patients with AKI, the all-cause in hospital mortality was 16.7% and the cardiovascular mortality was 11.9%. While in those with ACKI, the all-cause in hospital mortality was 24.5% and the cardiovascular mortality was 23.2%. The incidence of allcause as well as cardiac death was significantly higher in patients with ACKI than those with AKI (P < 0.05 in all). Acute worsening of renal function during hospitalization significantly increased all-cause and cardiac death in both AKI and ACKI (Table 3) . With respect to patients with acute worsening of renal function, there was a stepwise increase in the incidence of all-cause and cardiac mortality from RIFLE category risk to category failure in both AKI and ACKI (Table 3) .
Development of acute worsening of renal function significantly prolonged the length of stay in CCU as well as in hospital. The severity of AKI defined by RIFLE category correlated with length of stay in CCU and hospital. A similar trend was observed among patients with ACKI.
Renal recovery
Full renal recovery was achieved in 177 (72.3%) of those in AKI group at discharge, 67 (27.3%) partially recovered, and 1 (0.4%) failed to recover. In contrast, in ACKI group, full recovery was achieved in only 35 (30.7%) at discharge, partial recovery was achieved in 73 (64.0%), and 6 (5.3%) remained on dialysis at 90 days.
As shown in Figure 1 , at any level of acute worsening of renal function, ACKI group had significantly less proportion of renal recovery as compared with AKI group. 
Re-hospitalization
Re-hospitalization rate also represents an important outcome. As shown in Table 4 , one-year re-hospitalization for subsequent ADHF and total reasons after the index hospitalization was significantly higher in both AKI and ACKI compared to those with ADHF alone. Notably, development of ACKI during the index hospitalization significantly increased subsequent one-year re-hospitalization for both ADHF and total reasons as compared with those with AKI.
The factors correlated with the outcomes of AKI and ACKI
To identify the factors correlated with in-hospital mortality, we conducted univariate and multivariate logistic regression analysis. No co-linearity was found between variables. Table 5 showed adjusted odd ratios for all-cause mortality in the total cohort and in the subgroups classified by index eGFR. Pre-existed CKD and development of acute worsening of renal function during hospital were still the independent risk factors for all-cause mortality in total cohort after adjustment by age, gender, smoking, blood pressure, LDL or HDL cholesterol, serum albumin, hemoglobin, comorbid diseases, and renal function (serum creatinine and eGFR) on admission. Likewise, severe acute worsening of renal function (RIFLE category Injury or Failure) was one of the strongest risk factors in ADHF patients with or without preexisted CKD when the analysis was separately conducted in the subgroups. Severe heart failure (NYHA class 4) and diuretic resistance were significant risk factors for Table 3 In-hospital outcomes in patients with acute worsening of renal function mortality after adjustment by the above variables. Similar risk factors have been identified for cardiovascular mortality in the cohort (Table 6) . Multivariate logistic regression analysis was also performed to identify the risk factors for development of acute worsening of renal function. As shown in Table 7 , the independent risk factors for acute worsening of renal function in ADHF were diabetes, pre-existed CKD, systolic hear failure (LVEF < 45%) or severe heart failure (NYHA class 4), severe systolic hypertension (systolic blood pressure > 160 mmHg), and diuretic resistance.
Therapeutics approaches for management of HF might also influence the outcomes. In our cohort, only 10 patients received nesiritide treatment, probably due to exclusion of those with cardiac shock before entry. A few patients had been treated with cardiac resynchronization (n = 20) or leftventricular assist devices (n = 9). Therefore, we were not able to analyze the effect of these approaches on the outcomes because of the limited number of cases.
Discussion
Acute worsening of renal function in patients with ADHF is common and increasingly recognized as an independent risk factor for morbidity and mortality [19] [20] [21] [22] [23] . Renal impairment in ADHF develops as a consequence of new onset kidney injury (AKI) or of acute deterioration of pre-existed CKD (ACKI). This study is the first study, to the best of our knowledge, comparing the prognostic implications of AKI with ACKI. The results demonstrated that acute worsening of renal function in ADHF was more prevalent in patients with pre-existed CKD than those without. Patients with ACKI, as opposite to those with AKI, were at greater risk of adverse outcomes during hospitalization for ADHF.
The reported incidence of acute worsening of renal function in ADHF varies from 29% to 70% depending on the study entry criteria and the definition used to characterize renal dysfunction [3, 24] . In our study, despite exclusion of cardiogenic shock, contrast mediuminduced nephropathy, and severe chronic renal failure, acute worsening of renal function was still very frequent (44.3%) during hospitalization for ADHF. The incidence was similar with the previous study which enrolled patients with similar characteristics [25] . In contrast to the most previous studies [2] [3] [4] 23, 26] in which serum creatinine on admission or back-calculating creatinine was used as the baseline renal function, we applied preadmission eGFR as the underlying renal function and defined AKI and ACKI without bias [27] . An important finding in our results was that ACKI was more frequent than AKI (56.6% vs. 39.8%) in ADHF. Compared with AKI, ACKI was associated with more severe renal injury (defined as RIFLE category) and more proportion of patients in this group required renal replacement therapy during hospitalization. Consistent with the previous report [24] , worsening renal function occurred relatively early in the course of the hospitalization with the median time of 4 days of maximum RIFLE class reached.
Diuretic resistance is common in ADHF, while its prevalence and prognostic implications are less well defined. It is noteworthy that diuretic resistance in our cohort was more prevalent among those with worsening renal function (23.8% in ACKI and 17.7% in AKI) than those with ADHF alone (7.8% in those with pre-existed CKD and 4.7% in patients without CKD). In patients with worsening renal function, prevalence of diuretic resistance seemed to Table 4 One-year re-hospital rate in survival patients with acute worsening of renal function Abbreviation: ACKI, acute-on-chronic kidney injury; ADHF, acute decompensated heart failure; AKI, acute kidney injury; AWRF, acute worsening of renal function; eGFR, estimated glomerular filtration rate. be higher in ACKI than that in AKI group. Although the mechanisms underlying diuretic resistance remain to be clarified, it has been suggested that hypoalbuminemia, commonly seen in CKD, may increase the volume distribution of loop diuretics and impair their delivery to the kidney [24] . Moreover, accumulation of organic acids in CKD may act indirect competition with diuretics for secretion at the proximal tubule [28] . Given the fact that diuretic resistance, particularly with worsening renal function, results in marked persistent volume over-load in ADHF [24] , it may represents a subset of more advanced HF and contribute to the poor outcomes. In this study, we demonstrated that more patients with ACKI needed ultrafitration for diuretic resistance compared to those with AKI. The presence of diuretic resistance was identified as one of the strongest independent risk factors for all-cause and cardiac mortality in patients with ADHF, particularly those with pre-existed CKD (Table 4 & 5) . Renal dysfunction is one of the most important risk factors for poor outcomes in patients with ADHF [29, 30] . However, the difference in prognostic implications between AKI and ACKI has not been well established. Our results demonstrated that patients with ACKI were at higher risk of all-cause and cardiac mortality than those with AKI. Among survivors in the cohort, those with ACKI had longer hospital and CCU stay and higher re-hospitalization as compared with AKI patients. Consistent with the previous study [31] , the severity of acute kidney injury predicted non-renal recovery, particularly in patients with AKI. The patients with pre-existed CKD were older, and had more co-morbid diseases such as diabetes, hypertension and ischemic heart disease. More proportion of those with background CKD had lower levels of serum albumin and hemoglobin. To verify the impact of ACKI and AKI on outcomes, logistic regression was used to adjust for the possible confounding factors. In addition to known risk factors, pre-existed CKD and acute worsening of renal function during hospitalization were still found to be significantly associated with all-cause and cardiac mortality. Supporting with our results, in a community-based cohort of patients with CKD, an episode of superimposed dialysisrequiring ARF was associated with very high risk for nonrecovery of renal function [32] . In the multivariate logistic regression analysis, we also found that pre-existed CKD was an independent risk factor for development of acute worsening of renal function during admission. When the patients who died in hospital were excluded, full recovery of renal function at discharge was 72.2% in those with AKI, which was much lower than that in the population-base studies (93%) [17] and also lower than that in patients with post-trauma AKI (77.5%) [33] . It is noteworthy, creatinine values were restored to previous levels in only 30 .7% of those who had pre-existed CKD and survived their acute illness, though we could not exclude the possibility that the relatively low rate of renal recovery might be related to the strict definition for full renal recovery used in the study.
RIFLE classification provides a well-stratification system for acute renal injury and has been used more commonly [34] . In our study, the RIFLE was able to predict all-cause and cardiac mortality in both AKI and ACKI. The predictive effect was still significant after adjustment by the confounding factors, suggesting that RIFLE classification might be useful for stratification of patients with concomitant cardiac and renal dysfunction. Consistent with early report [35] , the RIFLE criteria was suitable to evaluate the AKI, as well as to predict its association with adverse outcome in patients with ADHF.
Acute worsening of renal function in patients with ADHF has been described as cardiorenal syndrome type 1 [36] . The previous reports studied the syndrome have not differentiated AKI and ACKI. Our results indicated that ACKI, as compared with AKI, was associated with higher risk of adverse outcomes, suggesting that type 1 cardiorenal syndrome should be classified in two subgroups based on the underlying renal function. Since the prevalence of CKD has been increasing, particularly in those with cardiovascular disease, it is important to identify CKD early. Estimated GFR should be included in the assessment of risk stratification for individual patients with cardiovascular disease, in addition to traditional cardiovascular risk factors. Since ACKI increased mortality and treatment cost, the need for adequate definition and early screening has never been greater.
We classified ACKI based on RIFLE criteria. This classification may have missed a significant number of patients because those with preexisted CKD would require a considerable increase in creatinine to enter this classification (e.g., a baseline creatinine of 200 μmol/L requires a rise to 300 μmol/L for entry into the R category). Appropriate criteria for ACKI therefore needs further study and definition.
Conclusion
Our study compared the prognostic implications between AKI and ACKI in a cohort of 1,005 Chinese patients with ADHF. The results showed that ACKI was more frequent than AKI in ADHF. As compared with AKI, ACKI was associated with higher risk of in-hospital mortality, diuretic resistance, prolonged hospital stay, and failure in renal recovery. RIFLE classification predicted all-cause and cardiac mortality in both AKI and ACKI, making it useful to stratify the patients with concomitant cardiac and renal dysfunction.
